Abstract This is a retrospective study of the outbreaks of foot-and-mouth disease (FMD) in Peninsular Malaysia between 2001 and May 2007. In total, 270 outbreaks of FMD were recorded. Serotype O virus (89.95 %) and serotype A (7.7 %) had caused the outbreaks. Significant differences on the occurrence of FMD were found between the years (t05.73, P 00.000, df011), months (t04.7, P00.000, df011), monsoon season (t02.63, P0 0.025, df010) and states (t04.84, P00.001, df010). A peak of outbreaks observed in 2003 could be due to increased animal movement and the other peak in 2006 could be due to a compromised FMD control activities due to activities on the eradication of highly pathogenic avian influenza. Cattle (86 % of outbreaks) suffered the most. However, no difference in disease occurrence between species was observed. The populations of cattle (r 00.672, P 00.023) and sheep (r 00.678, P 00.022) were significantly correlated with occurrence of FMD.
Introduction
Foot-and-mouth disease (FMD) is a highly contagious disease of cloven-footed animals and a very economically important disease in domesticated livestock (Abdul-Hamid et al. 2011a; Dukpa et al. 2011) due to its detrimental effects on production and health (OIE-SEAFMD 2007) , and international trade (Rufael et al. 2008) . The department of veterinary services (DVS), Malaysia in particular, regards the control and eradication of FMD as a high priority as FMD is considered a potential constraint to export animal products to surrounding FMD-free countries that are high-value markets (Abila and Foreman 2006) .
The aetiologic agent for FMD is the Apthovirus genus within the Picornaviridae family (Abdul-Hamid et al. 2011a ) with seven serotypes O, A, C, Asia 1, South African Territory 1 (SAT), SAT 2 and SAT 3 (Dukpa et al. 2011) . Foot-and-mouth disease is characterised by fever, inappetance, salivation, and vesicular eruptions on the feet, mouth, udder and teats (Wongsathapornchai et al. 2008 ). This disease is endemic in Peninsular Malaysia with mainly serotype O, and occasionally A and Asia 1 (Edwards 2004) , whereas Sabah and Sarawak located in Borneo are declared as FMD-free zone without vaccination (Edwards 2004) . A phylogenotypic study confirmed that some lineages (O/SEA/Mya98 and serotype A) of FMD viruses of Malaysian outbreaks were closely related to those from the neighbouring countries in the Southeast Asian region (Abdul-Hamid et al. 2011b) .
Since 2003, Malaysia has actively involved in the Malaysian-Thailand-Myanmar, MTM Peninsular Campaign for FMD Freedom under the auspices of the OIE-Southeast Asia FMD (OIE-SEAFMD) Campaign (Turton 2004; Wongsathapornchai et al. 2008) . To date, few systematic studies on FMD in Malaysia have been published (Abdul-Hamid et al. 2011a; Abdul-Hamid et al. 2011b) . Therefore, this retrospective study was carried out to describe the distribution of outbreaks of FMD in Peninsular Malaysia between 2001 and 2007 based on data extracted from the OIE-RCU web database.
Materials and methods

Data and analysis
Complete preexisting data on FMD outbreaks between July 2000 and May 2007 were assembled for analysis. Data were extracted from the SEAFMD website (http://www.seafmdrcu.oie.int/fmd_se_asia.php) based on reports submitted by the DVS, Putrajaya, Malaysia. Data on rainfall and temperature during the study period were provided by the Department of Meteorology, Malaysia.
Microsoft Office® Excel Professional Edition 2003 was used to manage the data and descriptive statistics. Statistical procedures were done using SPSS Version 15.0 for Windows. Results for continuous outcomes are presented as mean ± standard error of the mean. One sample t tests were performed to compare mean number of outbreaks of FMD with zero. Pearson's correlation coefficient (r) was used to assess the relationship between FMD and rainfall (mm), temperature (°C), livestock population and species population. Independent samples t test was used to test difference in mean number of outbreaks of FMD between monsoon seasons (Northeast monsoon: November-April, and Southwest monsoon: May-October), and states with border with Thailand (Border: Perlis, Kedah, Perak and Kelantan; not border: Pulau Pinang, Terengganu, Pahang, Selangor, Negeri Sembilan, Melaka and Johor). The significance level was set at P value less than 0.05.
Results
A total of 270 (39±5 per annum) outbreaks of FMD were reported in Peninsular Malaysia between 2001 and May 2007. The occurrence of outbreaks of FMD was significantly different between years (t07.7, P00.000, df06). Of the 209 (77.41 %) outbreaks sampled, 89.95 % were due to serotype O, and 7.7 % serotype A; one outbreak with unknown serotype and four outbreaks were not typed.
The monthly occurrence of FMD is shown in Fig. 1 in which a range of 6-58 (23±4) were recorded. The highest occurrence was in December followed by November; in which the difference between months was significant (t0 5.73, P00.000, df011). Outbreaks of FMD due to type O occurred mostly in December and the difference between months was significant (t04.7, P00.001, df011). Outbreaks due to type A between months were also significantly different (t03.5, P00.005, df011). The correlation between FMD and temperature (r0−0.46, P00.05, df011), and rainfall (r0 0.49, P00.07, df011) were not significant. However, prevalence of outbreaks of FMD was significantly different between seasons (t02.633, P00.025, df010). It was observed that the outbreaks of FMD in Peninsular Malaysia coincided with the time of religious and cultural festivals.
The distribution of outbreaks of FMD by states in Peninsular Malaysia and its serotypes isolated is displayed in Fig. 2 . The occurrence of FMD outbreaks were significantly different between states (t04.84, P00.001, df010). Of the 204 outbreaks typed, serotype O was prevalent (92 %) followed by type A (8 %), and this was significantly different between states (Type O: t04.77, P00.001, df010; Type A: t02.28, P0 0.046, df010). States that share border with Thailand recorded 108 outbreaks (border-states) compared to 162 from other states (not border). However, the occurrence of FMD was not significantly different (t00.349, P00.735, df09).
Based on statistics for livestock population in 2006 (http:// www.moa.gov.my/jph/dvs/statistics/quick/livestock06.pdf, accessed on 4 July 2008) and the existing records for outbreaks of FMD, the populations of cattle (r00.672, P00.023) and sheep (r00.678, P00.022) in different states had significant positive correlation with the occurrence of FMD.
Cattle was the main species affected (86 % of 247 outbreaks) followed by buffalo (7.3 %), sheep (2.8 %), goats (2.8 %), and pigs (0.8 %). There was no significant difference in the outbreaks by species (t01.205, P00.294, df04) and with the population of each species (r00.117, P00.851). Reported sources of outbreaks include movement of animals or the introduction of new animals (66 % overall), sharing of grazing areas (88 %) and other sources (i.e. fomites, legal movement of animals and unknown sources) (Fig. 3) .
The control measures practised were a combination of various activities including ring vaccination of surrounding areas of outbreaks (32 %), management of livestock movements (30 %) and quarantine/isolation of infected groups (28 %). Other measures include prevention of the slaughter and sale of meat from infected animals, disinfection of infected areas, public awareness, the destruction of diseased animals, disinfection of vehicles and other fomites and also restricting access to outbreak areas.
Discussion
The findings from this study showed that FMD is still endemic in Peninsular Malaysia as reported previously (Hasaballa 2010 ). Outbreaks of FMD were similar whether or not the states are border to Thailand. Previous reports have linked the outbreaks in Peninsular Malaysia with Thailand outbreaks (Abdul-Hamid et al. 2011b ) that could be due to illegal movement of animals and direct contact between infected and susceptible livestock that could be through common grazing (Ghan 1994) . Moreover, the main source for the outbreaks was illegal movement of animals or introduction of new animals had contributed to the outbreaks. Therefore, disease control programme should target the whole Peninsula.
It was found that virus type O was predominantly involved in the outbreaks in Peninsular Malaysia, while type A is emerging and type Asia 1 has disappeared (last reported in 1999 by OIE-SEAFMD 2007). Ghan (1994) reported that type O was predominant, and Asia 1 had caused sporadic outbreaks. Type O was also mainly involved in outbreaks in the neighbouring countries like Thailand and Laos Khounsy et al. 2009 ). This finding supports the hypothesis that outbreaks in Peninsular Malaysia and other countries in the region may be related due to transboundary animal movement. Another reason could be that strains of serotype O may be more pathogenic than serotype A strains (Gallego et al. 2007 ) as observed during epidemics of FMD in Taiwan (Yang et al. 1999) . Specifically, serotype O in Peninsular Malaysia has many strains and topotypes (Knowles et al. 2007 ). Recent study confirmed the relationship of the serotypes and strains of FMD virus in the region were related (Abdul-Hamid et al. 2011b) . Topotype SEA was isolated from most outbreaks studied. Serotype O-ME-SA-PanAsia was the major strain reported, and it originated from India (Knowles et al. 2007 ). The Cathay topotype, in particular, entered Peninsular Malaysia during outbreaks in 2005. The higher prevalence and virulence of serotype O-associated outbreaks is, thus, consistent with reports describing serotype O as the most aggressive serotype and the most difficult to control by vaccination (Kitching 2005) . Even though serotype Asia 1 was not common anymore in Malaysia, Knowles et al. (2007) reported that this serotype has spread to new areas in China, Russia and Mongolia, and serotype A has also spread to Laos and Vietnam. The finding of this study indicated that movement of animals or introduction of new animals from Kelantan (constantly affected with FMD) was likely to be the source of outbreaks in Pahang. It is also possible that it may be due to the introduction of a subclinical carrier animal that shed virus but did not show any clinical signs of FMD (Alexandersen et al. 2003) . Due to limited information, it was difficult to precisely determine the exact source of the outbreaks in Pahang. Livestock movement is probably the single most important method of dissemination of FMD virus in countries where FMD is endemic (Ferris et al. 1992; Rweyemamu et al. 2008 ). This finding also showed that the existing system of permit and registration for animal movement (Ghan 1994 ; DVS, Ministry of Agriculture Malaysia) are not complied; hence, ineffective implementation of the control measures for FMD. Therefore, revised strategies are required and may include extension programmes for owners to advocate the short-term quarantine of all livestock introduced into herds and to encourage self-replacing partially closed herds (Baldock et al. 1994) .
The results from this study indicated that most outbreaks occurred in the end and early months of the calendar year. These periods were also time for cultural and religious festivals in the country. Similar observation was also reported by others (Klein et al. 2008) . This may be due to high demands for live animals for slaughter and fresh meat during these periods that resulted in the active movement of animals and products throughout the country (Abila and Foreman 2006) . During Northeast monsoon season, increased number of outbreaks may be due to favourable conditions such as lower temperature as compared to Southwest monsoon season. In addition, favourable conditions for propagation of FMD virus include a relative humidity of 55 % or more and minimal mixing of the air by turbulence and convection, typically seen when there is a continuous steady or slight wind, cloud cover and level topography (Alexandersen et al. 2003) . Ahmed and Hasan (1994) also reported FMD outbreaks in Bangladesh that occurred more frequently in the monsoon months. Interestingly, higher number of outbreaks of FMD in 2006 than other years was related to the outbreaks of highly pathogenic avian influenza (HPAI) in February 2006 outbreaks (Naheed 2007) . Because of the eradication activities for HPAI, the effectiveness of the FMD control activities was jeopardised, resulting in an increase of outbreaks of FMD in 2006.
Significant positive correlation was found between the number of outbreaks and populations of cattle and sheep in different states in Peninsular Malaysia. Similar findings have been reported in countries with similar livestock management systems Verma et al. 2008; Dukpa et al. 2011 ). In the future, states with high livestock populations should be given priority during the implementation of control activities as to optimise limited resources.
Cattle were the main species affected by FMD in Peninsular Malaysia compared to other livestock species. Ruminants are usually owned by smallholders and managed on a freerange basis. Therefore, comingling of livestock with those from neighbouring areas while watering or grazing occurs commonly. In contrast, pigs are kept in closed systems in highly commercialised operations (Ghan 1994) . Therefore, close scrutiny and observation is possible in swine herds (Gallego et al. 2007 ). Sheep and goats show milder clinical signs of FMD than cattle and pigs (Barnett and Cox 1999) .
In conclusion, the study highlights that FMD is endemic, the importance of animal movement and livestock population as risk factors for outbreaks, the predominant serotype O and cattle as the indicator species in the epidemiology of FMD in Peninsular Malaysia. The knowledge gained from this study provides information required to enhance the existing control strategy to prevent the spread of FMD. Also, it can be used as baseline data for further epidemiologic research of FMD in Malaysia and ultimately, to support the MTM Campaign for FMD Freedom.
